General Information
There are 10 known isoforms of adenylyl cyclase, 9 of which are membrane bound and are activated via stimulation of the Gs subunit of Gprotein coupled receptors. The 10 th member of this family is a soluble adenylyl cyclase, which has no trans-membrane domains. Soluble adenylyl cyclase (sAC) can be differentiated from trans-membrane AC's by its insensitivity to forskolin and G-protein stimulation. sAC was originally isolated from the testis (3) (4) (5) and has also been found in other tissues (22, 23) . It was described as having two variants; an 187kDa fulllength form (sACfl) and a 48kDa truncated version (sACt). The latter is a product of alternative splicing (13) . The full-length protein consists of 2 catalytic subunits: a consensus P-loop (ATP/GTP binding site), and a leucine zipper sequence (dimerization/DNA binding domain). In contrast, sACt consists only of the 2 catalytic sub-units and is approx 20 fold more active than the full-length form (27) . The catalytic domains of sAC are more closely related to those of cyanobacteria and myxobacteria than they are to trans-membrane AC's (5, 27) . Neither sACfl nor sACt contain a membrane-spanning domain. A third variant of sAC has recently been described which arises from an alternate start site preceding exon 5 and is found in somatic tissues (9) . The structure of the various isoforms is detailed below in Figure 1 .
As its name suggests, sAC can be found in the cytosol but has also been found associated with various sub-cellular domains including nuclei, mitochondria and microtubules (28) . sAC also colocalizes with vacuolar ATPase (vATPase) subunits at the apical membrane of acid-base transporting intercalated cells in the kidney (21) . shown to synergistically activate sAC (Figure 2 -A) (16) . The pH sensitivity of sAC is unclear. sAC isolated from the sea urchin shows an increase in cyclase activity in the presence of manganese and increasing pH ( Figure 2 -B) (19) . Using a mammalian sperm truncated sAC fusion protein Chen et.al. found that both basal and bicarbonate stimulated sAC activity was pH insensitive (7), while Litvin et.al. state that ". . . subtle changes in intracellular pH and/or carbon dioxide, which will be in equilibrium with bicarbonate, will result in significant changes of cellular cAMP" (16) . None of these studies examines the effect of pH on the somatic form of sAC, which is different in structure form both sea urchin and mammalian sperm sAC.
cAMP derived from sAC activation has been shown to activate both PKA (29) and EPAC/RAP-1 (2, 24) . sAC activation has been associated with vATPase translocation and expansion of apical microvilli (20) . sAC has also been associated with CFTR activation (25, 26) , oxidative phosphorylation (1) and Na+ transport (10) . Further, sAC has been reported to inhibit (15) and enhance (14) apoptosis. 
sAC in the exocrine pancreas
In the exocrine pancreas cAMP levels increase during hyperstimulation with the secretagogue, cholecystokinin (CCK) (18) . Stimulation of Gprotein coupled receptors (Gs) with the ligands VIP,PACAP and secretin which activate membrane AC's (17) or treating with membrane permeable cAMP analogs (6, 17) raises intracellular cAMP levels and results in an increase in secretagogue stimulated zymogen activation and amylase secretion. This data suggests that trans-membrane and/or soluble adenylyl cyclase play a role in acinar cell function. sAC mRNA has previously been shown to be present in the pancreas (22) . We recently identified sAC in the pancreas and in pancreatic acini (Figure 3-A) . We see a faint band corresponding to the truncated form of sAC in both the pancreas and in isolated acinar cells. We also found a significant band at approximately 35kD, which is not found in the testis. There is precedent for an isoform of sAC of this size in the liver (1) and in colonic epithelial cells (11) . We have not seen a band corresponding to the fulllength isoform of sAC in our experiments; this may be due to its absence or possibly that it is of low copy number and we are loading insufficient protein to detect this protein. Our laboratory is currently characterizing the specific isoforms present in the pancreas. As indirect evidence that sAC activity in present in pancreatic acinar cells, we have also shown that treatment with bicarbonate, a sAC activator, enhances cAMP accumulation in acinar cells (Figure 3-B) . HEPES, (pH 7.4) , 95 mM NaCl, 4.7 mM KCl, 0.6 mM MgCl2, 1 mM NaH2PO4, 10 mM glucose, 2 mM glutamine, plus 0.1% bovine serum albumin, 1× MEM-amino acids (GIBCO-BRL)). Acini were pre-incubated with the phosphodiesterase inhibitor IBMX (1 mM) for 15 min prior to a media change were acini were either put in buffer alone (control) or buffer supplemented with 25 mM sodium bicarbonate. IBMX was re-added to all wells. The experiment was initiated by the addition of cerulein (100 nM) to the appropriate wells. Control acini were incubated under room air while acini in bicarbonate-supplemented buffer were incubated under Air/C02 (95%: 5%). After 1 hour HCl was added to stop the reaction and prevent cAMP-degradation and samples were assayed using a commercial kit (cAMP direct EIA kit from Assay Designs)
Tools for the study of sAC
A. sAC-specific siRNA can be obtained from Thermo Scientific / Dharmacon, Santa Cruz Biotechnology and a recent journal article by Li et.al. also provides information on siRNA (15) . Additionally shRNA and lentivirus particle for sAC are available from Santa Cruz Biotechnology.
B. PCR Primers used to differentiate between sACfl and sACt are described by Jaiswal et.al.
.
C. Pharmacologic Inhibitors of sAC include 2-hydroxyestradiol, 4-hydroxyestradiol and 2--estradiol and estrone are inert and can be used as negative controls. All of these compounds are available from Steraloids Inc. KH-7 a specific inhibitor of sAC (12) G. A knock out mouse in which exons 2-4 have been deleted has been described; this deletion leads to an almost complete inhibition of sAC dependent cAMP production in testis supernatant and spermatozoa (8) . Although this mouse has little sAC activity in testis, the activity of the somatic form of sAC which starts at exon 5 is fully retained (9) .
